Since the demonstration that nicotinamide is the pellagra-preventing factor (1), attempts have been made to analyze this substance in blood and urine as a measure of nicotinic acid nutrition. Chemical methods and biological methods, to be considered subsequently, have been used. The chemical methods have been based, most commonly, upon the development of colored products by the reaction of various pyridine compounds with cyanogen bromide and aromatic amines, as described by Konig (2) .
This reaction is not specific for nicotinic acid. -Other pyridine compounds may give similar colored products. Elvehjem (3) has found that, in the analysis of animal tissues, the reaction as we have applied it gave results quite comparable to those which he obtained by animal assay. He found that, in vegetable materials, the chemical method gave too high values, presumably due to other pyridine compounds. Consequently, blood analyses might be expected to avoid the possible errors due to the concentration of those other compounds in the urine.
Nicotinic acid does not occur, as such, in appreciable quantities in the blood or urine except shortly after the taking of large doses of it (4, 5) . In the blood, it occurs chiefly in the corpuscles as a constituent of coenzymes I and II.
Nicotinic acid in the blood has been determined by four different procedures: chemical estimation using the cyanogen bromide and aromatic amine reagents, measurement of coenzymes I and II as the essential growth factor for H. influenzae or H. parainfluenzae, estimation of total nicotinamide (both free and in the coenzymes) as the growth factor for B. proteus, and measurement of coenzyme I by a specific fermentation method. The results obtained with both normal and deficient subjects are listed in Table I . (11, (17) (1) Swaaminathan (13) Chemical determinationoftotal nico-03-0.53 tinic acid.
Ritsert (14 Most of the workers did not find a significant difference in the nicotinic acid content of the blood of normal and deficient subjects. In the large series of Vilter, Kock and Spies (6), consisting of 43 normal and 45 deficient subjects which showed the most impressive differences, there were 12 in-379 stances of overlapping of values for whole blood in the two groups. There were many more instances of overlapping of values between the two groups when they were expressed in terms of the coenzyme content of the blood cells, as was done by Kohn, Bernheim, and Felsoranyi (9) , because the coenzymes had been shown to be confined to the corpuscles (17) .
Significant decreases in the coenzyme content of the blood of deficient subjects were not found by the other workers who used biological methods. Lwoff and associates (7, 8) (19, 20) . Benzene extraction (15, 16) is unreliable because of the very limited solubility of nicotinic acid in this solvent (21) . Pearson (22) , using a chemical method, reported the finding of a low blood nicotinic acid in one dog with blacktongue. This was not confirmed by the more extensive studies of blacktongue by Kohn, Klein and Dann (23) or by Axelrod, Madden,and Elvehjem (24) , using biological methods. It has been a consistent finding (23, 24, 25, 26) that, in blacktongue, there are considerable decreases in the nicotinic acid (or coenzyme) content of some tissues, notably liver and muscle.
In urine. nicotinic acid occurs as its amide, as nicotinuric acid, the glycine conjugate, and as trigonelline, the methylated form. The chemical relationship between these compounds is indicated by the structural formulae presented in Figure 1 . Free nicotinic acid and nicotinuric acid are not present in the urine in significant amounts either normally or after dosage with nicotinamide (5, 27) . They both occur in the urine after large doses of nicotinic acid (5, 27) . Nicotinamide and nicotinuric acid react directly with the cyanogen bromide and aromatic amine reagents, the intensity of the color produced being dependent upon the choice of the latter. Only after acid or alkaline hydrolyses (preferably acid hydrolysis, to which trigonelline is resistant) of proper normality and duration can theoretical values be obtained for them (28) . The greater portion of nicotinic acid is excreted as trigonelline (27) . This does not react with the reagents to produce a color. It is susceptible to alkaline hydrolysis which permits at least partial, semiquantitative recovery (28, 29) . There may be, however, large amounts of trigonelline in urine from other sources than methylation of nicotinic acid. It is widely distributed among foods (30, 31) , with no quantitative data available except that coffee is a rich source (32) . It, or a compound with similar hydrolytic behavior, also occurs from detoxification of nicotine and possibly of other pyridine compounds (28) . (A frction of nicotine, the size of the fraction varying in different individuals, is also excreted in a form which is determined in the " nicotinic acid " fraction of urine.) Since trigonelline possesses no anti-blacktongue activity (33), provision must be made to avoid the obscuration of results by the excretion of trigonelline arising from non-vitamin sources.
In Table II are summarized the analyses of urines from both normal and pellagrous subjects reported from other laboratories. In order to evaluate the data, it is necessary to consider the procedure used, as will be noted below. Those using the more sensitive cyanogen bromide reaction rarely found an absence of nicotinic acid in the urine. Harris and Raymond (36) Kuhnau (15) and Rosenblum and Jolliffe (38) , on the basis of a small number of observations, considered that the difference in the urinary nicotinic acid in normal and deficient subjects was significant. * Swaminathan (35) reported a marked overlapping of the values for the two groups, although he did find a decreased average secretion in the deficient group. As has been noted, the chemical methods are not specific for nicotinic acid and its derivatives. Much of the difference in the urinary " nicotinic acid " of the normal and deficient groups may have been due to smoking by the former group.
Attention to the different procedures used by those employing the cyanogen bromide and aromatic amine reagents indicates that the nicotinic acid compounds included in the reported " nicotinic acid" values differ in the various studies. This will depend upon the type of hydrolysis used, the method for decolorization and evaluation of residual color, and the aromatic amine employed.
Bandier (34) 
EXPERIMENTAL
We have studied the possibility of the chemical diagnosis of nicotinic acid deficiency by simple analyses of urine and blood and by a variety of " saturation tests."
An application of the cyanogen bromide and aniline reagents, which we have described (39, 40, 28) was used for the determination of nicotinic acid and its compounds. It is designed to avoid errors, which are due to inadequate extraction or to adsorption, by direct hydrolysis of the test substance followed by preferential charcoal adsorption for the decolorization of the hydrolysate. By this method the blood nicotinic acid values are higher than those reported by other chemical methods and fall within the range of the values obtained by bacterial growth or enzyme fermentation methods (Table I ). Nicotinamide and coenzyme I added to blood have been found to be completely hydrolyzed and recovered as free nicotinic acid (4).
Studies of the blood and plasma nicotinic acid content. The whole blood nicotinic acid values of 17 patients before treatment are presented in Table III . In some of them, the nicotinic acid content of the plasma was also determined. The figures obtained fall well within the range of those found in 40 normal subjects. (Figure 2) . All the tests have been confirmed by similar studies with other normal and deficient subjects.
In Graph I of the figure are plotted the serial blood values obtained following the intravenous administration of nicotinamide, 5 mgm. per kilogram of body weight (equivalent to about nine times the total quantity, free and combined, of nicotinic acid in the blood). In no case of nicotinic acid deficiency was there any significant difference from the normal in the rate of removal of the amide from the blood stream. Even when the test was repeated with the same patient, shortly after 2 weeks of intensive nicotinamide therapy, no appreciable change in the tolerance curve was noted. The relatively small increase in the blood nicotinic acid and the prompt return to the basal level, which was noted in every case, could not be explained by rapid excretion of the compound. Only 10 per cent of the test dose was found in the urine.
The serial blood values obtained following the oral postprandial administration of 500 mgm. of nicotinic acid (Graph II) likewise showed no significant difference between the normal and deficient subjects. In this type of test there is a slower increase in the blood nicotinic acid concentration, the maximum being attained from 2 to 3 hours after the test dose is taken. The maximal values, however, are much smaller than those recorded in Graph I following intravenous administration.
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Time affer the aJminis-rcdtion of the In Graph III are presented typical blood values obtained during the postprandial administration of 200 mgm. of nicotinamide three times daily over a period of 11 days. Each blood sample was taken at least 12 hours after the last dose. No significant differences were observed between the blood values obtained with the normal and deficient subjects. In no case were there significant variations from the initial basal blood values.
It was thought that possibly in the above tests the increases in the blood values were not sufficiently large or prolonged to allow differences in the rate of removal of nicotinic acid (or amide) from the blood to be noted. In Graph IV the serial blood values following the oral administration of nine 200 mgm. doses of nicotinic acid, one every 2 hours, are plotted. In these tests the elevated blood values persisted over an appreciable period of time (more than 7 days) but, again, differences between the responses of the normal and deficient subjects were not apparent.
In Graph V are presented representative data following the intramuscular administration of nicotinamide, 500 mgm. per square meter of surface area. In these tests, markedly elevated blood values were obtained and these persisted for a considerable period of time (more than 3 hours). However, no differences were observed between the blood values obtained with normal and deficient subjects.
Extensive studies involving serial plasma nicotinic acid determinations were not carried out. Preliminary investigations (4) had shown that the plasma values return to the basal level even more promptly than those for whole blood.
Studies of the urinary excretion of nicotinic acid and its derivatives. In Table IV are presented the results of analyses of 24-hour urine specimens from normal subjects and from patients with severe dietary deficiency. Four of the patients had fully developed "classic" pellagra. Case 3 had alcoholic neuritis with a mildly reddened tongue and no significant skin changes. The other During the time of collection of the specimens, and usually for one or more days before, the subjects abstained from the use of tobacco, coffee, tea and chocolate. Preliminary observations have indicated that the latter two substances affect the results very little. The use of coffee and tobacco, as noted above, causes large increases in the trigonelline and, in some individuals, in the apparent nicotinic acid excretion; these increases are unrelated to the vitamin metabolism. The avoidance of them is a minimal requirement for a basal regime which will permit chemical analyses of urine by present methods to have any significance in relation to nicotinic acid nutrition.
It will be seen that the apparent nicotinic acid excretion of the deficient subjects tended to be less than that of the normal subjects, averaging 2.7 mgm., against 3.8 mgm. per 24 hours. There were, however, several instances of overlapping of values between the two groups. It is quite possible that this overlapping was due to the excretion of other ingested pyridine compounds and might not occur with a more specific method of analysis.
The differences between the trigonelline excretions of the deficient and the normal subjects were must greater; an average value of 3.1 mgm. per 24 hours for the deficient group compared with 19.5 mgm. per 24 hours for the normal group. They were also much more consistent. The one patient whose trigonelline excretion approximated the lowest value obtained in any normal subject, and who had alcoholic neuritis, was a non-smoker. The analysis was done so long after the collection of the specimen that it was impossible to determine if the coffee had been omitted. DISCUSSION We had found that, in a dog, the blood nicotinic acid remained elevated for many hours after the intravenous injection of a sufficiently large dose of nicotinic acid. The doses required were large-10 mgm. per kilo. Giving comparable parenteral doses of nicotinic acid to humans was not feasible but we had found that such parenteral doses of nicotinamide produced no unpleasant symptoms in ourselves other than some local pain, when given intramuscularly. Because it had been demonstrated that the tissues of experimentally deficient animals had a decreased content of nicotinic acid-containing enzymes, it was thought possible that nicotinic acid and nicontinamide would be removed from the blood of deficient subjects faster than from that of normal subjects. Such does not appear to happen. We have found no indication that the blood nicotinic acid content, either under basal conditions or after any type of dosage, is a measure of nicotinic acid nutrition. This is unfortunate because the present chemical methods for determination of nicotinic acid are not specific. Other pyridine compounds present in vegetable materials give reactions similar to those of nicotinic acid and the methylated form, trigonelline, in which the greater part of nicotinic acid is excreted in the urine. It is possible that a more specific method would show more distinctive differences in the urinary excretion of nicotinamide.
In order to make determinations of trigonelline excretion significant as a measure of nutrition, it is necessary to have subjects on a basal regime eliminating at least the major sources of trigonelline of non-vitamin origin-coffee and tobacco. What further standardization of the basal regime is desirable remains to be determined. It may be that part of the decrease in the trigonelline excretion of the deficient subjects was due to a lesser intake of preformed trigonelline in a smaller intake of all foods. It appears that, with a sufficiently standardized basal regime and with a satisfactorily quantitative method of recovery of trigonelline, its excretion in the urine may be a measure of nicotinic acid nutrition. SUM MARY 1. A review of the literature has shown no agreement as to the value of determination of the nicotinic acid compounds in urine or blood as a measure of nicotinic acid nutrition.
2. The data of the earlier reports have been re-assessed, in the light of more recent knowledge, to indicate what compounds were included in the reported " nicotinic acid" values, and the validity of methods has been discussed.
3. In the present study, no differences were observed in the basal blood or plasma nicotinic acid content of normal and deficient subjects. 4 . Five different types of blood nicotinic acid or nicotinamide tolerance curves showed no difference between normal and deficient subjects. 5 . With the procedures used in this study there was an average, but not a constant, decrease in the urinary excretion of substances reacting like nicotinamide by deficient subjects.
6. There was a more marked and a more consistent decrease in the urinary excretion of trigonelline in the deficient subjects. With a sufficiently standardized basal regime and with a satisfactorily quantitative method of recovery of trigonelline, the urinary excretion of trigonelline may be a measure of nicotinic acid nutrition.
